Abstract: Intentional weight loss may reduce breast cancer risk through lowering levels of circulating free IGF-I but few studies have measured this longitudinally. We determined the effect of weight loss (≥5% body weight) over 12 months, using an energy restriction and exercise programme, on an expanded panel of IGF-related peptides amongst 23 weight losing and 46 weight stable or gaining pre-menopausal women at increased risk of breast cancer, BMI (mean ± SD) 29.2 ± 6.2 kg/m 2 . Fasting measures of total and free IGF-I (ultra-filtration), and IGFBP-1, -2 and -3, body weight, body fat (DXA), intra-abdominal fat (MRI) were assessed at 6 and 12 months.
INTRODUCTION
Observational prospective studies consistently link excess body weight [1] and weight gain in the pre-or postmenopausal periods with the subsequent development of post-menopausal breast cancer [2] . Within cohort studies with retrospectively collected adult life weight changes, we [3] and others [4] have shown that a pre-or post-menopausal weight loss of ≥5% reduces risk of postmenopausal breast cancer. The biological mechanism of risk reduction following intentional weight loss is unclear, but may be linked with the IGF-axis [5] . Total IGF-I levels have been linked to risk of both pre- [6] and more recently post-menopausal breast cancer [7] . The IGF-I axis is nutritionally regulated. Specifically, circulating levels of free IGF-I, considered by many as a surrogate of tissue bio-availability, are dependent upon circulating concentrations of IGF-binding proteins (IGFBPs), chiefly IGFBP-3, with IGFBP-1 and -2 as the main acute regulators [8] . Weight loss may improve insulin sensitivity and thereby increase serum levels of IGFBP-1 and -2 [9] [10] [11] , which in turn may reduce total levels of free IGF-I. This is supported by some [5] but not all cross-sectional data [12] but few studies have measured this relationship in a longitudinal setting.
We have tested the hypothesis that intentional weight loss increases serum concentrations of IGFBPs while reducing levels of free IGF-I and/or total IGF-I, as biomarkers of breast cancer risk. This study determined changes in an expanded panel of IGF-related peptides and insulin sensitivity in pre-menopausal women at increased risk of breast cancer, during a 6 month weight loss period followed by a 6 month weight maintenance period. To distinguish potential effects on the IGF axis due to differential changes in different adipose body compartments, we also determined total body fat using dual energy X-ray absorptiometry (DXA] and intra-abdominal fat (IAF] using magnetic resonance imaging (MRI).
MATERIALS AND METHODOLOGY

Participants
We studied 74 pre-menopausal women aged 35-45 years with a family history of breast cancer (Tyrer Cuzick Model [13] estimated lifetime risk of 1 in 3 to 1 in 6) and relatively large adult weight gain (>7kg) since aged 20 years. Participants were sedentary, non-smokers, not currently dieting or losing weight, had regular menstrual cycles and no evidence of hyperandrogenism or polycystic ovary syndrome (PCOS] [14] . They had not taken oral contraceptives during the previous 6 months, were not currently on a high phytoestrogen diet and had alcohol intakes of less than 28 units/week. They did not have diabetes, cardiovascular disease or previous history of cancer. Recruitment was by mailing all eligible women attending a Regional Breast Cancer Family History Clinic. Volunteers were assigned either to a 12 month energy restricted and exercise weight loss intervention group (n=40) or a control group (n=34). Study group allocation was based on the proximity of the participants to the hospital and ability to attend the hospitalbased weight loss and exercise programme.
We performed comparative analyses based on an intervention-response basis (rather than intention-to-treat). Several women in the weight loss arm did not lose weight (n = 6) and several in the control arm did lose weight (n = 6). For this reason we ignored the allocation groups for analysis and instead identified two groups based on their weight outcome: firstly women losing ≥5% body weight in the first 6 months, the "weight loss group" (WLG), and secondly women who were weight stable or gained weight during the first six months, the "weight stable or weight gain group" (WSWGG). This study was approved by South Manchester Hospitals Ethics Committee (Reference no 01/426).
Weight Loss Intervention
The weight loss/exercise group were advised to follow an energy restricted diet providing 1680-3780 kJ below their estimated energy requirements (1.4 times x estimated resting energy expenditure) [15] based on 20% energy from protein, 30% from fat and 50% from carbohydrate. They were also instructed to increase exercise gradually to include five 30 minute sessions of moderate exercise (defined as 50-60% of maximal heart rate) each week [16] . The intervention was designed to achieve a gradual weight loss of 0.5-1 kg/week and lead to a weight loss of 5% or greater at 6 months and maintenance of this weight loss at 12 months. Participants in the control group were given general lifestyle advice to reduce risk of cancer; lose weight, increase exercise, increase intake of fruit and vegetables and moderate intake of alcohol, fat and meat [17] . Adherence to diet advice was assessed using 4-day food diaries analysed using Compeat 4 Nutrition Analysis System (Carlson Bengston Consultants, London, UK), and to exercise advice using a 7 day physical activity recall [18] and the 6 minute walk test as a measure of fitness [19] at baseline, 6 and 12 months.
Weight-Related Outcome Measures
At baseline, 6 and 12 months we measured weight, height, waist and hip circumferences using standardised methods [20] . Total body fat was measured using a DXA whole body Hologic QDR 4500A scanner and V8.26a:3 software (Hologic Inc., Bedford, MA, USA) (coefficient of variation [CV] : fat mass 1.8%, lean muscle mass 0.6%). IAF was measured using MRI with a single axial water suppressed image at the L2/L3 vertebra level, with the technician blinded to the group allocation. Overall standardised CV of IAF estimation was 7.3%.
Serum IGF and Insulin Assays
A 12 hour fasted morning blood sample was collected at baseline, 6 and 12 months. Serum was aliquoted, stored at -70°C and batched so that all samples from a participant were included in the same assay. Laboratory personnel were blinded to the sample identity. Samples were not collected on a specific day of the menstrual cycle; however day of cycle was recorded and adjusted for in the analyses [21] . Most laboratory measurements of IGF-I and binding proteins IGFBP-1 and -2 were performed in the Medical Research Laboratories at Aarhus University Hospital, Denmark. Total IGF-I was measured by an in-house non-competitive time resolved immunofluorometric assay (TR-IFMA) [22] and free IGF-I was measured using ultra-filtration by centrifugation [23] . IGFBP-1 and IGFBP-2 were determined using an in-house radioimmunoassay (RIA) and TR-IFMA respectively, as previously described [24] . Remaining assays were conducted at the Biochemistry Department South Manchester Hospitals: IGFBP-3 by immunoradiometric assay (IRMA) (Diagnostic Systems Laboratories, TX, USA); glucose by the hexokinase/glucose-6-phosphate dehydrogenase method (Bayer Newbury, England); and insulin by electrochemiluminescence immunoassay (Elecsys Roche Diagnostics, Lewes, England). Fasting insulin and glucose were combined to calculate the insulin sensitivity index using the homeostasis model assessment (HOMA) [25] . The molar ratio of IGF-I:IGFBP-3 was calculated as a proxy of free IGF-I [26] . The intra-assay CVs were as follows: insulin 0.7%; total IGF-I 3.2%; free IGF-I 12.0%; IGFBP-1 5.3%; IGFBP-2 5.0%; and IGFBP-3 4.2%.
Statistical Analysis
Data were analysed using SPSS (version 14, SPSS Ltd, Chicago, IL, USA). Statistical significance was accepted at P<0.05. We compared changes in the IGF-I axis between women losing ≥5% body weight in the first 6 months (WLG), and women who were weight stable or gained weight during the first six months (WSWGG). We performed analyses of variance (ANOVA) adjusted for baseline levels of each parameter and factors potentially related to the IGF-I axis: day of menstrual cycle, dietary energy and protein, alcohol intake and level of physical activity. The distributions for insulin, insulin sensitivity, IGFBP-1, -2, -3 and IAF were skewed and were log trans-formed before analysis. Data are presented as the mean (95% confidence interval CI) at baseline and mean difference (95% CI) of change between the WLG and the WSWGG at 6 and 12 months. Logged data (insulin, insulin sensitivity, IGFBP-1, -2, -3 and IAF) are presented as geometric mean (95% CI) at baseline and mean ratio (95% CI) of change in logged values between groups at 6 and 12 months.
The relationship between the expanded panel of IGFrelated peptides and body fat compartments was examined by determining correlations between these values at baseline, and correlations between changes in body fat and IGF-I related peptides over 12 months. Spearman correlations were used for non parametric parameters.
RESULTS
Seventy four women were recruited to the study; five withdrew from the trial before 6 months and a further one before 12 months leaving hormone results for 69 women at 6 months and 68 at 12 months. Baseline characteristics for body size and composition of the WLG and WSWGG are shown in Table 1 . Participants were mainly Caucasian, overweight/obese, and mainly sedentary with few undertaking recreational activity. There were no differences in adiposity or any of the IGF-related peptides between WLG and the WSWGG ( Table 2 ). The WLG reported higher levels of moderate physical activity (housework and exercise) compared to the WSWGG at baseline (P<0.05, Table 3 ).
Changes in body size and the IGF-related peptides at 6 and 12 months are shown in Table 2 . The WLG had significant reductions in body fat and visceral fat at 6 and 12 months compared to the WSWGG (P<0.001). The reductions in adiposity in the WLG occurred alongside significant improvements in insulin sensitivity (HOMA] and IGFBP-1 and -2 at 6 months (WLG vs. WSWGG, P<0.01). The improvements in HOMA in the WLG as compared to the WSWGG were not sustained at 12 months (P=0.33) and accordingly, the increases in IGFBP-1 were attenuated in the WLG vs. the WSWGG at 12 months (P = 0.09). In the WLG, total IGF-I levels were numerically higher at 6 months as compared to the WSWGG (16 [-1.5 to 35] µg/l, P=0.07) and statistically higher at 12 months (17 [2.3 to 34] µg/l, P<0.01). WLG participants had significant increases in IGFBP-2 at both 6 (P<0.05) and 12 months (P<0.001). There were no significant differences in free IGF-I concentrations between the 2 groups at either 6 (P=0.49) or 12 months (P=0.21). Similarly IGFBP-3 did not differ between the 2 groups at 6 (P=0.97) or 12 months (P=0.99).
Changes in diet and exercise parameters over the year amongst women in the two groups are reported in Table 3 . At 6 months, women in the WLG had a significant reductions in intakes of energy (P<0.01), fat and alcohol compared to the WSWGG group (P<0.05) but no significant increase in reported levels of physical activity (P=0.11). Only reductions in dietary fat were maintained at 12 months in the WLG compared to the WSWGG (P<0.01). Adjusting analyses of variance for the IGF axis amongst WLG and the WSWGG for energy, protein intake, activity level, and day of cycle did not change the results appreciably.
Correlations between adiposity, insulin sensitivity and IGF peptides at baseline are reported in Table 4 . Both IGFBP-1 and -2 had negative correlations with weight, body fat, IAF and insulin sensitivity (P < 0.001). Total IGF-I was negatively correlated to weight, body fat and IAF (P<0.05) whilst free IGF-I had a positive correlation with total IGF-I (R=0.648; P<0.001). WLG (weight loss group) = weight loss ≥ 5% WSWGG (weight stable / weight gain group) = weight loss < 5% or weight gain IAF = intra-abdominal fat 1 Mean (95% CI) for baseline values and mean (95% CI) difference between WLG and WSWGG at 6 and 12 months. 2 Geometric mean (95% CI) for baseline values and mean (95% CI) ratio of natural log values between WLG and WSWGG at 6 and 12 months. 3 P value for analysis of variance comparing women with ≥5% and < 5% weight loss adjusted for baseline value 4 Self reported housework, walking and physical activity from physical activity questionnaire (26) 5 Difference between baseline values for women with > 5% and < 5% weight loss independent t test P value <0.05 6 Standardised 6 minute walk test (27) Changes in IGFBP-1 and -2 over 12 months were both negatively linked to changes in weight (Rs=-0.339 and -0.315), body fat (Rs=-0.283 and -0.346) and IAF (Rs=-0.343 and -0.284) (all P<0.05). Change in IGFBP-1 was negatively linked to change in insulin sensitivity (Rs=-0.406, P<0.001). Change in total IGF-I was negatively linked to change in weight (Rs=-0.344), body fat (R=-0.321) and IAF (Rs=-0.437) (all P<0.001). Change in free IGF-I was linked negatively to change in IAF (Rs=-0.364) and positively to change in total IGF-I (Rs=0.424)(both P<0.001).
DISCUSSION
Main Findings
This is one of the few prospective studies on the effects of weight loss on the IGF-axis which include measurement of free IGF-I using ultra-filtration. We have confirmed finding of previous weight loss studies by reporting increases in IGFBP-1 and -2, and improvements in insulin sensitivity with reduced adiposity. Weight loss was associated with increased circulating total IGF-I, and no significant change in serum concentrations of free IGF-I. Most likely, the failure to decrease free IGF-I with weight loss and associated increases in IGFBP-1 and -2 reflects the increased total IGF-I levels with weight loss.
The increased total IGF-I with weight loss in our trial is consistent with a number of studies of modest weight loss amongst women [27] and men [28] and cross sectional data that mean IGF-I concentrations increase with BMI up to around 28 kg/m 2 and reduce as BMI increases further [29] . Increased total IGF-I most likely reflects improved insulin sensitivity alongside loss of IAF which in turn can directly stimulate hepatic IGF-I production [30] or increase IGF-I production via increased growth hormone secretion [31] . We did not however measure levels of growth hormone in the study.
Maintenance of free IGF-I in women with weight loss in the present study suggests any potential decrease in free IGF-I levels associated with increased IGFBP-1 and IGFBP-2 is counterbalanced by the increase in total IGF-I. This contrasts with previous large cross-sectional studies which have positively linked free IGF-I (determined by ultra-filtration] with obesity [32] although this relationship does appear to be weaker amongst women than men [32] and is not present amongst insulin-resistant individuals with type 2 diabetes [33] . Our findings are however consistent with a recent small prospective study based on 13 male and 21 female obese non-diabetics (BMI ~ 40 kg/m 2 ] which linked weight loss to increased total IGF-I, IGFBP-1 and -2, but to no change in free IGF-I?? (ultra-filtration] [34] . A further study amongst 8 pre-menopausal obese women reported increases in dissociable (IRMA] and free IGF-I (ultra-filtration] alongside reductions in visceral fat and increased total IGFBP-1, -2 and total IGF-I [35] .
Serum IGFBP-3 did not change in our study. High IGFBP-3 serum concentrations have been linked to breast cancer risk amongst both pre-and post-menopausal women [7] although not consistently. Previous reports have linked weight loss to an increase [36] or to no change in IGFBP-3 levels [11] . However, these and our measurements were based on the IRMA method which measures both intact and proteolysed forms of IGFBP-3. Proteolysis may be increased amongst heavier insulin-resistant subjects thus IRMA does not reflect the concentration of IGFBP-3 capable of sequestering IGFs in the bloodstream of these subjects.
Strengths of Study
The strength of our study is the inclusion of ultra-filtered free IGF-I, which may provide a more reliable estimate compared to IRMA/ELISA free IGF-I, which promotes dissociation of the IGF-I -IGFBP complex and accordingly overestimates unbound ligand. Following women over 12 months allowed us to assess the IGF axis during the active weight-losing phase (negative energy balance, 0 to 6 months] as well as during the weight maintenance phase (6 to 12 months). Energy restriction is linked to acute declines in total and free IGF-I amongst non-obese subjects, but not amongst obese subjects unless there is a concomitant reduction in protein intake (≤50 g/day) [37] , which was not the case in our study. Increased IGFBP-1 and IGFBP-2 are associated with improvements in insulin sensitivity and consistent with the down regulation of hepatic IGFBP-1 production at the transcription level and IGFBP-2 at the translational level with chronic portal hyperinsulinaemia [26] . However the increases in IGFBP-1 and -2 in our cohort appeared to be maintained at 12 months in the absence of improved insulin sensitivity. This is a small study; however our participants are a homogenous group of sedentary, non-smoking, pre-menopausal women with regular menstrual cycles. We did not include women with PCOS who are often heavier and are known to have higher levels of free IGF-I [38] which may confound some of the earlier observations of higher free IGF-I amongst heavier women. Women in the present study had a family history of breast cancer which in itself is unlikely to confound the overall results. Although around 50% of the inter-individual variability in circulating IGF-I and IGFBP-3 is known to be genetically determined [39] , there is little convincing data of differences in the IGF-axis amongst women with and without a family history of breast cancer [13] . Women on this study were overweight or obese with no diagnosis of diabetes, although 75% of subjects had a degree of insulin resistance (HOMA > 1 µU/mmol/L).
Study Limitations
We have not examined the effects of a moderate energy restricted and exercise weight loss programme on the IGFaxis in the context of a randomised controlled trial due to the non-random method of group allocation. There were no differences in baseline levels of the IGF-related parameters between WLG and WSWGG women so lack of randomisation may not be important.
Changes in the IGF-axis with weight loss were achieved alongside decreased energy, fat and alcohol intake but no appreciable change in activity levels. It is unlikely that these specific changes in diet and exercise (rather than weight loss] have brought about the reported changes in IGF-I. Total IGF-I has a weak negative association with alcohol [21] but is mainly linked to protein intake which was maintained during the study [37] . There may be limitations in our self report assessment of physical activity. Not withstanding this, earlier reports have shown inconsistent effects of aerobic and strength training on the IGF-I axis amongst sedentary populations [40] . Fifty percent of studies in this review found no difference in total circulating IGF-I as a result of exercise, whilst 37% showed an increase, and 13% observed a decrease in IGF-I levels.
IMPLICATIONS
We have studied the effect of weight loss on the IGF-I axis in pre-menopausal women aged 35-45 years since observational studies indicate weight loss at this age to be particularly linked to reductions in risk of developing postmenopausal breast cancer [3, 41] . The increase in total IGF-I and maintenance of free IGF-I alongside loss of total and intra-abdominal fat, improvements of insulin sensitivity and increased levels of IGFBP-1 and -2 suggest reductions in breast cancer risk with weight loss are unlikely to be mediated by the IGF-axis. The increased total IGF-I and IGFBP-1 associated with decline in visceral fat are however consistent with observational data linking higher levels of IGF-I to a lower risk of developing impaired glucose tolerance [42] and cardiovascular disease [43, 44] . There are few data to support the assumed relationship between free IGF-I and breast cancer risk. One study linked IRMAdetermined free IGF-I to risk [45] , whilst another failed to link ELISA determined free IGF-I to risk [46] . Most prospective studies have failed to link IGFBP-1 and IGF-2 to breast risk [46] [47] [48] 49] with the exception of Greenback et al who reported IGFBP-2 to have an inverse relationship with breast cancer risk amongst post-menopausal women [50, 51] .
CONCLUSION
In conclusion, moderate weight loss increases levels of total IGF-I but does not reduce levels of free IGF-I (measured by ultra-filtration) amongst obese pre-menopausal women. Our study does not inform the effects of weight loss on concentrations of locally produced IGF-I and binding proteins within the breast tissue itself which some believe may be more relevant to breast cancer risk [52] . Furthermore, it does not inform any potential synergistic effects of IGF-I with oestradiol or testosterone on breast cancer risk [53] . Future prospective randomised studies of diet and exercise weight loss interventions should examine bioactivity at tissue level possibly using the IGF kinase receptor activation (KIRA] assay [54] and ideally examining changes within the breast itself.
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